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Executive Summary

In the last two decades there has been increasing concern by firefighter

organizations and occupational health professionals that exposure among firefighters to fire

smoke could lead to an increased risk of cancer, lung disease, and heart disease. In 1984

we began a retrospective mortality study of Seattle firefighters. Later, funding was received

from the Federal Emergency Management Agency (Contract EME-88-K-0176), U.S. Fire

Administration, through a cooperative agreement to extend the study to the fire

departments of Partland, Tacoma, Bellevue, and Kent and to collect data on police from

the same cities as a comparison group. This is a report of the results of the expanded

mortality study with fallow-up through the end of 1989.

The study population consists of 4546 men who were employed by the cities of

Seattle, Portland, Tacoma, Bellevue, and Kent for at least one year in fire combat positions

between 1944 and 1979. In addition to comparing the study population to U.S. white male

rates, comparisons were also made between Seattle, Portland, and Tacoma firefighters and

police officers from the same cities who had been employed for at least a year between

1941 and 1979.

Between 1945 and 1989, 1173 death occurred in the study population and 1155

death certificates (98%) were collected. As might be expected, our results are consistent

with a strong healthy worker effect; mortality due to all causes (standardized mortality ratio

(SMR) = 0.81), ischemic heart disease (SMR = 0.82), and many other non-malignant

diseases were less than expected based upon U.S. white male rates. However, our results

suggest that 30 years after they were first employed firefighters may be at excess risk of

emphysema (SMR = 1.4, 95% confidence interval (CI) = 0.9-2.2) and diseases of the arteries,

veins and pulmonary circulation (SMR = 1.3, 95% CI = 1.0-1.8).

The risks of dying from all cancers (SMR = 0.95) and from lung cancer (SMR = 0.93)

were approximately the same as would be expected. Excesses of cancers of the brain

(SMR = 1.9, 95% CI = 1.1-3.2) and lymphatic and hematopoetic tissues (SMR = 1.3, 95%



CI = 0.9-1-8)            were observed. The risk of lymphatic and hematopoetic cancers was greatest

for men with at least 30 years of fire combat (exposed) employment (SMR=2.1, 95%

CI = 1.1-3.6), especially for leukemia (SMR = 2.6, 95% CI = 1.0-5.4). The results for brain

cancer did not follow a pattern of increasing risk with increasing duration of exposed

employment, but 11 of 17 cases occurred in men at least 30 years after their first

employment as a firefighter (SMR=2.5, 95% CI = 1.3-4.5).

Our results support the findings of increased risk of brain and lymphatic and

hematopoetic cancers observed in previous studies of firefighters and earlier analyses of

mortality of this cohort. Our results also suggest that firefighting may increase the risk of

some types of lung and circulatory diseases.



Background

In the last two decades there has been increasing concern by firefighter

organizations and occupational health professionals that exposure among firefighters to fire

smoke could lead to an increased risk of cancer, lung disease, and heart disease.

Retrospective cohort mortality studies have been conducted for firefighters from Toronto

1921-1953 (l), Boston 1915-1975 (2), Los Angeles 1940-1980 (3), Western Australia 1939-

1978 (4), Buffalo 1950-1979 (5), and San Francisco 1940-1982 (6). Proportionate mortality

studies from New Jersey 1974-1980 (7) and Boston 1975-86 (8) and a cancer incidence

study from Denmark 1970-1980 (9) have also been performed and additional data are

available from studies which analyze vital records by occupation (10-17).

A more recent concern about the inhalation of smoke is the increasing use of

synthetic materials in both the structures and interiors of buildings which has increased the

complexity and toxicity of exposures. Firefighters are potentially exposed to a number of

suspected or known carcinogens. Benzene and polycyclic aromatic hydrocarbons are likely

encountered at most fires while other, less common, exposures may include aromatic

amines, polychlorinated biphenyls’s, chlorinated dioxins, vinyl chloride, and acrylonitrile

(18-27). Other hazardous exposures include diesel emissions from fire fighting equipment

(28), asbestos from clean-up operations (and historically from protective equipment), and

many other chemicals from commercial or industrial fires.

Cohort studies of firefighters have found them to be at approximately the same risk

of death due to cancer (all sites) as the general population. However, most studies have

identified excesses of cancer at some specific sites, although the results have been far from

consistent. The most commonly identified sites of excess risk have been the colon or

rectum (4,5,8,10,11,14), the central nervous system (3-5,12,15), the lymphatic and

hematopoietic tissues (4.7,12,13,16,17), the skin (7,8,16), and the bladder (5,16). Only one

cohort study has identified an excess of lung cancer in firefighters (9).
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An excess risk of non-malignant heart and respiratory disease is also plausible given

firefighter exposures. Many respiratory irritants, such as hydrogen chloride, nitrogen

dioxides, isocyanates, and acrolein, are commonly present in smoke (20-22,27,28). There is

also some evidence of respiratory dysfunction after acute high exposures (29-32) although

studies designed to look at chronic effects have had mixed results (33-39). An increased

risk of cardiovascular disease due to intense physical and psychological stress after periods

of inactivity or exposure carbon monoxide or toxic gases is also plausible (40-42).

However, most studies have found firefighters to be at the same or lower risk than the

general population for both heart and lung disease.

Traditionally general population rates have been used as the reference in mortality

studies of occupational cohorts. A major bias introduced by using general population rates

has been termed the “healthy worker effect.” This can be considered as a confounding

effect arising primarily out of the health status needed to acquire and retain employment

(43-47). An additional gain relative to the “non-worker” may arise from the benefits of

employment which are closely related to socioeconomic status and access to health care (at

least in the United States). This bias exercises a particularly strong effect when examining

death due to some non-malignant diseases, especially those which have a long period of

symptoms and possible impairment prior to death that may either prevent gaining or

require leaving employment. In many ways firefighters, with their strict physical entry

requirements and relatively good employment benefits, typify a population one would

expect to have a strong healthy worker effect and this may in part account for the low risks

of both heart and respiratory disease observed in most studies of firefighters. However,

earlier analyses of the Northwest Firefighters Study (48) and one other study which used

police, an occupation with similar entrance criteria, as a reference population (7) found

evidence that firefighters are at increased risk of respiratory disease. In addition, internal

analyses of the Seattle firefighters cohort (49) found that the risk of heart disease increased

with duration of employment.
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In 1984 the Seattle Fire Pension Board funded the Harborview Occupational

Medicine Program of the University of Washington to perform a retrospective mortality

study of Seattle firefighters (49). The study was performed with the cooperation of the

Pension Board, Fire Department, and Seattle Fire Fighters Union Local 27. In 1985

funding was received from the Federal Emergency Management Agency (FEMA), U.S.

Fire Administration to extend the study to the fire departments of Portland, Tacoma,

Bellevue, and Kent and to collect data on police from the same cities as a comparison

group. Police were chosen as a reference population to help control for confounding from

the healthy worker effect. This is a report of the results of the expanded mortality study

with follow-up through the end of 1989.

Methods

The study population consists of all men who were employed as firefighters for at

least one year between 1944 and 1979 by the cities of Seattle (WA), Portland (OR),

Tacoma (WA), Bellevue (WA), and Kent (WA). Women were excluded from the study

because they began employment as firefighters in 1970’s and would thus contribute little to

a study of mortality. Years of active duty in positions involving fire combat was used as a

measure of smoke exposure. Seattle, Portland, Bellevue, and Kent Fire Department

records were reviewed and no exposure was assigned for years spent in administrative

duties or support services. Because Tacoma lacked the necessary records, years of

employment as a sworn firefighter was used as a surrogate for fire combat employment.

Vital status follow-up and collection of death certificates were performed using

information from pension board and fire department records, the death records of

Washington and Oregon, the records of the Washington and Oregon Motor Vehicle

Departments, and the National Death Index (50). Individuals who were lost to follow-up

were only considered at risk until the date they were last known to be alive. Individuals
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lost to follow-up subsequent to 1978 were assumed to be alive if no death was identified

through the National Death Index.

Standardized mortality ratio’s (SMR’s) relative to U.S. white males were calculated

using the microcomputer version of the Occupational Mortality Analysis Program

(OCMAP) developed by the University of Pittsburgh (51). Reference rates for U.S. white

males were obtained from the National Institute for Occupational Safety and Health (52).

White male rates were used because the vast majority of firefighters from the cities studied

were Caucasian and department records did not include information on race. Confidence

intervals were calculated using a Poisson distribution.

In addition to U.S. males, police were used as a reference population. Comparisons

were made between firefighters from Seattle, Portland, and Tacoma and police officers

from the same cities who had been employed for at least a year between 1944 and 1979.

The fire and police departments of the cities of Portland and Tacoma use the same pension

boards which facilitated the collection of comparable data. Unfortunately, complete

historical records were not available from either the Seattle Police Department or Pension

Board. Therefore, Seattle Police Academy records were used to identify all graduates

between 1944 and 1978 for inclusion in the comparison cohort. Incidence density ratios

(IDR’s) for firefighters relative to police were standardized by 5 year age group and time

periods and test based confidence intervals were calculated (53).

Results

A summary of vital status ascertainment, death certificate collection, and person

years of follow-up as of January 1st. 1990 is displayed in Table 1. Complete follow-up was

achieved for 98% of the 4546 firefighters. Between 1945 and 1989, 1173 death occurred

and 1155 death certificates (98%) were collected. The comparison cohort consisted of

3676 police officers and complete follow-up information was attained for 3599 (98%).
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During the follow-up period 714 police deaths were identified and 703 death certificates

(98%) were collected.

The number of observed deaths and SMR’s for major causes of death relative to

U.S. white males are displayed for Seattle, Portland, and all cities combined in Table 2.

Table 3 presents the IDR’s for firefighters relative to the police cohort. The table also lists

the number of police deaths observed and the SMR’s for police relative to U.S. white male

rates. These results are given for all cities for causes of death of a priori interest, including

those observed to be in excess in earlier analyses of this cohort or in other studies. The

results for all firefighters versus U.S. white males are presented by duration of exposed

employment in Table 4, by years since first employment in Table 6, and by age at risk in

Table 8. The results for Seattle, Portland, and Tacoma firefighters versus police from the

same cities are presented in Tables 5, 7, and 9 by the same three stratification variables.

Hodgkin’s disease is excluded from the police comparison tables because no cases were

observed among police.

The risk of death due to any cause among firefighters was less than expected

compared to the general population (SMR = 0.80, 95% confidence interval (CI) = 0.76-0.85).

This was due to a lower than expected risk of most types of non-malignant diseases. The

risk of death appears to increase with both age and years since first employment and

approached that of all U.S. white males for individuals over the age of 65 (SMR = 0.97).

Firefighters also had a somewhat lower risk of death than police officers (IDR = 0.87, 95%

CI = 0.79-0.95).

The cohort as a whole had approximately the same number of cancers that would be

expected based on U.S. white male rates (SMR = 0.95). However, firefighters under the age

of 40 had an SMR of 140 due primarily to a greater than expected number of brain cancers

(SMR = 3.52) and lymphatic and hematopoietic malignancies (SMR = 1.69). The excess

observed for cancers is in contrast to the deficit observed for all causes (SMR =0.59) or a11

non-cancer causes of death (SMR = 0.49).
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An excess of cancers of the brain was observed (SMR = 1.93, 95% CI = 1.13-3.10)

based upon 17 cases. There was no clear relationship with duration of exposure or years

since first employment although 11 brain cancers occurred among firefighters at ieast 30

years after they were first hired (SMR = 2.53, 95% CI = 1.26-4.53). When compared with

police the IDR for brain cancer was 1.54 (95% CI = 0.7-3.6) and increased to 3.04 (95%

CI = 1.0-9.6) for at least 30 years after first employment.

While the exposure and latency patterns did not exhibit a clear trend, the risk of

lymphatic and hematopoietic cancers was elevated for men with at least 30 years of fire

combat employment (SMR = 2.05, 05% CI = 1.06-3.59), especially for leukemia (SMR = 2.60,

95% CI = 1.04-5.35). The risk of all lymphatic and hematopoietic cancers and leukemia

were also elevated for police with SMR’S of 1.22 and 1.56, respectively. However, the risk

of leukemia in firefighters with 30 years of exposed employment remained elevated when

compared with police (IDR = 1.80, 95% CI = 0.6-5.4) while the risk of all lymphatic and

hematopoietic cancers did nor (IDR = 1.14, 95% CI = 0.5-2.6).

The only other notable excess of cancer was for the prostate (SMR = 1.33, 95%

CI = 0.90-1.90) which was also elevated relative to the police (IDR = 1.43, 95% CI = 0.7-2.9).

The risk of dying from lung cancer (SMR = 0.93) was approximately the same as would be

expected based on U.S. white male rates and was similar when compared to police

(IDR = 0.94). The risk for most other cancer sites, including the colon, rectal, or skin, was also

similar to that of U.S. white males, although the risk of colon cancer was somewhat elevated relative to police

(IDR = 1.58). The only notable cancer deficits were for cancer of the bladder (SMR = 0.11,

95% CI = 0.0-0.62) and kidney (SMR = 0.27, 95% CI = 0.03-0.97).

The risks of all heart disease and ischemic heart disease were less than expected

when compared with U.S. rates with SMR’s of 0.79 and 0.82, respectively. The same was

true when firefighters were compared with police with IDR’s of 0.86 and 0.88, respectively.

The only category of cardiovascular disease which was elevated relative to U.S. rates was

diseases of the arteries, veins, and pulmonary circulation with an SMR of 1.23 (95%
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CI = 0.91-1.63). The risk was particularly elevated among firefighters with at least 30 years

of exposed employment (SMR = 1.99, 95% CI = 1.29-2.94). While the risk was reduced

relative to police (IDR = 0.91) it remained elevated among long-term firefighters

(IDR = 1.47, 95% CI = 0.8-2.9).

The risk of non-malignant respiratory disease was less than expected relative to U.S.

rates (SMR = 0.89, 95% CI = 0.71-1.11) although the risks of chronic obstructive pulmonary

disease (COPD) (SMR = 1.00) and asthma (SMR = 1.06) were similar to expected and the

risk of emphysema was somewhat elevated (SMR= 1.18, 95% CI = 0.72-1.82). The risk of

emphysema was highest among individuals employed for lo-19 (SMR = 1.80) and 20-29

years (SMR = 1.35) and among those at least 30 years since first employment (SMR = 1.39).

The risk of lung disease in firefighters was slightly elevated relative to police (IDR = 1.11,

95% CI = 0.71-1.73) while the risk of emphysema was somewhat higher (IDR = 1.45, 95%

CI = 0.54-1.69). Firefighters over the age of 65 were at slightly higher risk of death due to

respiratory disease than both U.S. white males (SMR = 1.16) and police (IDR = 1.27).

Table 1: Status as of January 1, 1990 and Years of Follow-Up

Status

Currently Employed

Retired

Other Alive

Deceased
Certificates Collected

Unknown Status

Total

Years of Follow-Up

Bellevue
Seattle Portland Tacoma & Kent

610 458 217 77

782 396 239 7

309 94 22 61

516 510 143 4
506 502 143 4

64 24 11 2

2281 1482 632 151

64,048 41,077 17,350 2,699

Tota l  (%)

1,362 (30%)

1,424 (31%)

486 (11%)

1,173 (26%)
1,155(98%)*

101 (2%)

4,546

125,174

* Percent of Death Certificates Collected
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Table 2. Northwest U.S. Firetighter Mortality by City: 1945-1989

Seattle

Deaths SMR 95% CICause of Death

All Causes 516 0.74 0.68-0.80

All Cancers 144 0.97 0.81-1.14

Buccal Cavity and Pharynx 1 0.24 0.01-1.31

Digestive Cancers 3 7 0.91 0.64-1.26

Esophagus 1 0.28 0.01-1.56

Stomach 9 1.28 0.59-2.44

Intestine 10 0.72 0.35-1.33

Rectum 2 0.50 0.06- 1.81

Pancreas 11 1.13 0.71-2.59

Billary Passages & Liver 5 2.05 0.67-4.78

Respiratory Cancers 51 0.98 0.73-1.29

Larynx 1 0.48 0.01-2.69

Trachea, Bronchus & Lung 47 0.95 0.70-1.26

Prostate 1 6 1.50 0.86-2.43

Kidney 1 0.27 0.01-1.53

Bladder & Other Urinary 1 0.23 0.01-1.31

Other & Unspecified Cancers 16 0.87 0.50-1.41

Skill 4 1.29 0.35-3.29

Drain and Nervous System 5 1.13 0.37-2.64

Lymphatic & Hacmatopoietic Cancer 18 1.28 0.76-2.02

Lymphosarcoma & Reticulosarcoma 2 0.82 0.10-2.98

Hodgin’s Disease 1 0.69 0.02-3.85

Leukemia & Aleukemia 8 1.37 0.59-2.69

Other Lymphatic & Hematopoietic 7 1.61 0.65-3.33

Unspeclfied Nervous System Tumors 1 1.09 0.03-6.12

Diabetes Mellitus 5 0.50 0.16-1.17

Mental & Personality Disorders 3 0.70 0.11-2.03

Nervous System Disease 5 0.71 0.23-1.65

Heart Disease 200 0.71 0.62-0.82

Rheumatic Heart Disease 2 0.36 0.04-1.29

Ischemic Heart Disease 164 0.71 0.60-0.83

Chronic Disease of the Endocardium 3 1.53 0.32-4.40

Hypertension with Heart Disease 6 0.74 0.27-1.61

Other Heart Disease 22 0.79 0.50-1.20

Other Circulatory Disease 56 0.87 0.66-1.13

Hypertension without Heart Disease 3 1.34 0.28-3.92

Cerebrovascular Disease 31 0.72 0.49-1.02

Arteries, Veins & Pulmonary Circulation 22 1.18 0.74-1.79

Tuberculostis 0 0.00 0.00-0.85

Respiratory Disease 33 0.75 0.51-1.05

Acute Upper Respiratory Infection 2 7.31 0.89-26.4

Pneumonia 10 0.66 0.31-1.20

Emphysema 7 0.86 0.35-1.78

Asthma 2 1.54 0.19-5.56

COPD & Other Respiratory Disease 11 0.67 0.34-1.21

Digestive Diseases 17 0.52 0.30-0.83

Accidents 33 0.73 0.50-1.02

Transportation Accidents 16 0.64 0.36-1.01

Accidental Poisonings 4 1.97 0.54-5.05

Accidental Falls 6 1.18 0.43-2.56

Other Accidents 5 0.38 0.12-0.88

Suicide 5 0.30 0.10-0.71

Homicide 2 0.36 0.04-1.31

Portland All Cities

Deaths SMR 95% CI Deaths SMR

510 0.94 0.86-1.03 1173 0.81

115 1.03 0.85-1.24 291 0.95

5 1.54 0.50-3.60 7 0.80

28 0.87 0.58-1.26 73 0.86

3 1.11 0.23-3.24 6 0.82

7 1.15 0.46-2.37 16 1.06

10 0.95 0.45-1.74 24 0.84

5 1.50 0.49-3.50 8 0.95

3 0.51 0.11-1.50 15 0.95

1 0.52 0.01-2.90 6 1.18

3 4 0.91 0.63-1.27 98 0.93

1 0.63 0.02-351 2 0.47

33 0.93 0.64-1.31 93 0.93

11 1.28 0.64-2.28 30 1.33

1 0.37 0.01-2.06 2  0 . 2 7

0 0.00 0.00-1.07 1 0.11

2 1 1.58 0.98-2.41 40 1.07

2 0.92 0.11-3.34 6 0.96

10 3.30 1.58-6.07 17 1.93

15 1.48 0.83-2.44 37 1.30

3 1.65 0.34-1.82 7 1.41

2 2.00 0.24-7.22 3 1.04

6 1.38 0.51-3.01 15 1.25

4 1.34 0.37-3.43 12 1.38

0 0.00 0.00-5.67 2 1.09

1 0.13 0.00-0.71 7 0.34

4 1.36 0.37-3.48 7 0.81

2 0.40 0.05-1.44 11 0.77

206 0.92 0.80-1.06 463 0.79

9 2.03 0.93-3.86 12 1.03

178 0.96 0.83-1.11 396 0.82

1 0.61 0.02-3.39 4 0.96

4 0.51 0.14-1.30 10 0.55

1 2 0.61 0.32-1.07 36 0.64

62 1.14 0.87-1.46 1.31 0.96

0 0.00 0.00-1.91 4 0.83

37 0.98 0.69-1.35 79 0.85

25 1.68 1.09-2.48 48 1.23

0 0.00 0.00-0.92 0 0.00

32 0.94 0.65-1.33 82 0.89

0 0.00 0.00-17.4 2 3.52

8 0.64 0.28-1.27 22 0.68

10 1.58 0.76-2.91 20 1.18

1 0.85 0.02-4.74 3 1.06

13 1.14 0.61-1.95 33 1.00

22 0.89 0.56-1.35 47 0.70

30 0.98 0.66-1.40 73 0.82

14 0.87 0.47-1.45 35 0.72

2 1.56 0.19-5.64 6 1.51

5 1.22 0.40-2.84 12 1.12

8 0.92 0.40-1.81 16 0.61

1 3 1.09 0.56-1.90 21 0.64

2 0.62 0.08-2.24 5 0.47

95% CI

0.76-0.86

0.85-1.07

0.32-1.65

0.68-1.08

0.30-1.79

0.61-1.72

0.54-1.25

0.41-1.86

0.53-1.56

0.43-2.57

0.75-1.13

0.06-1.69

0.75-1.14

0.90-1.90

0.03-0.97

0.00-0.62

0.76-1.46

0.35-2.10

1.13-3.10

0.91-1.79

0.57-2.90

0.22-3.04

0.70-2.07

0.72-2.42

0.13-3.93

0.14-0.70

0.33-1.67

0.38-1.37

0.72-0.86

0.53-1.80

0.74-0.90

0.26-2.44

0.26-1.01

0.45-0.89

0.80-1.13

0.23-2.13

0.67-1.05

0.91-1.63

0.00-0.39

0.71-1.11

0.43-12.7

0.43-1.03

0.72-1.82

0.22-3.09

0.69-1.41

0.51-0.93

0.64-1.02

0.50-0.99

0.55-3.28

0.58-1.96

0.35-0.99

0.40-0.98

0.15-1.11



Table 3. Seattle, Portland, and Tacoma Firefighter Mortality Compared to Police From the Same Cities
and Police Mortality compared to U.S. White Male Rates: 1945-1989

Cause of Death

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus, & Lung

Prostate

Skin

Brain and Nevous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Hodgkin’s Disease

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Diseases

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular Disease

Arteries, Veins & Pulmonary Circulation

Respiratory Disease

Emphysema

COPD & Miscellaneous Lung Diseases

Firefighters vs Police

Deaths IDR 95% CI

1168 0.87 0.79-0.95

291 0.97 0.80-1.17

24 1.58 0.73-3.43

7 0.72 0.23-2.30

6 0.71 0.19-2.71

93 0.94 0.67-1.33

30 1.43 0.71-2.85

6 1.12 0.27-4.76

17 1.54 0.66-3.62

37 1.03 0.62-1.73

7 0.81 0.30-2.22
3 Inf. _ _ _ _ _

15 0.80 0.38-1.70

12 1.40 0.48-4.07

461 0.86 0.74-1.00

394 0.88 0.74-1.01

131 0.72 0.54-0.96

79 0.65 0.45-0.92

48 0.91 0.54-1.52

81 1.11 0.71-1.73

20 1.45 0.54-3.88

32 0.89 0.47-1.69

Police vs U.S. White Males

I            SMRDeaths 95% CI

710 0.87 0.81-0.93

169 0.95 0.81-1.11

8 0.50 0.22-0.99

5 1.11 0.36-2.59

4 1.40 0.38-3.59

55 0.92 0.69-1.19

11 1.02 0.51-1.82

4 0.94 0.26-2.41

8 1.36 0.59-2.69

21 1.22 0.75-1.86

5 1.72 0.56-1.02

0 0.00 0.00-1.87

11 1.56 0.78-2.80

5 0.93 0.30-2.17

269 0.85 0.75-0.96

223 0.86 0.75-0.98

86 1.25 1.00-1.55

59 1.28 0.98-1.65

2.5 1.21 0.70-2.04

30 0.64 0.43-0.91

5 0.63 0.20-1.46

15 0.83 0.47-1.37



Table 4. Northwest U.S. Firefighter Mortality by Duration Of Exposed Employment 1945-1989

< 10 Years 10-19 Years

Cause of Death Deaths SMR 95% CI Deaths SMR 95% CI

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus, & Lung

Prostate

Skin

Brain and Nervous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Hodgkin’s Disease

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Disease

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular  Disease

Arteries, Veins & Pulmonary Circulation

Respiratory Disease

Emphysema

COPD & Miscellaneous Lung Diseases

128 0.73 0.6-0.9

34 0.97 0.7-1.4

4 1.40 0.4-3.6

1 1.35 0.1-7.5

0 0.00 0.0-7.3

11 0.96 0.5-1.7

3 2.38 0.5-7.0

1 0.88 0.1-4.9

3 1.77 0.4-5.2

4 0.88 0.2-2.3

1 1.33 0.1-7.4

1 1.13 0.1-6.3

2 1.09 0.1-3.9

0 0.0 0.0-3.4

43 0.82 0.6-1.1

35 0.85 0.6-1.2

9 0.96 0.4-1.8

5 0.84 0.3-2.0

4 1.32 0.4-3.4

3 0.37 0.1-1.1

1 0.90 0.2-0.0

1 0.31 0.1-1.7

180 0.85 0.7-1.0

46 1.07 0.8-1.4

2 0.54 0.1-2.0

0 0.00 0.0-3.4

0 0.00 0.0-5.5

13 0.93 0.5-1.6

2 1.10 0.1-4.0

2 1.50 0.2-5.4

7 3.62 1.5-7.5

7 1.43 0.6-3.0

1 1.09 0.1-6.1

1 1.39 0.1-7.7

2 1.02 0.1-3.7

3 2.31 0.5-6.8

65 0.82 0.6-1.0

50 0.77 0.6-1.0

11 0.74 0.4-1.3

6 0.61 0.2-1.3

4 0.93 0.3-2.4

9 0.84 0.4-1.6

3 1.80 0.4-5.3

3 0.81 0.2-2.4

20-29 Years 30+ Years

Deaths SMR 95% CI Deaths SMR 95% CI

527 0.78 0.7-0.9 334 0.93 0.8-1.0

142 0.91 0.8-1.1 68 0.95 0.7-1.2

9 0.62 0.3-1.2 9 1.21 0.6-2.3

5 1.19 0.4-2.8 1 0.42 0.1-2.3

3 1.15 0.2-3.4 3 2.31 0.5-6.7

56 1.04 0.8-1.4 13 0.63 0.3-1.1

14 1.23 0.7-2.1 11 1.36 0.7-2.4

3 1.10 0.2-3.2 0 0.00 0.0-3.6

4 1.00 0.3-2.6 3 2.59 0.5-7.6

14 1.06 0.6-1.8 12 2.05 1.1-3.6

3 1.32 0.3-3.9 2 1.95 0.2-7.1

1 1.08 0.1-6.0 0 0.00 0.0-11

4 0.73 0.2-1.9 7 2.60 1.0-5.4

6 1.33 0.5-2.9 3 1.69 0.4-4.9

206 0.70 0.6-0.8 149 0.92 0.8-1.1

183 0.75 0.7-0.9 128 0.96 0.8-1.1

52 0.80 0.6-1.1 59 1.24 0.9-1.6

35 0.80 0.6-1.1 33 0.99 0.7-1.4

15 0.79 0.4-1.3 25 1.99 1.3-2.9

48 1.04 0.8-1.4 22 0.82 0.5-1.2

12 1.35 0.7-2.4 4 0.76 0.2-2.0

20 1.14 0.7-1.8 9 1.07 05-2.0

Table 5. Seattle, Portland, and Tacoma Firefighter Mortality by Duration Of Exposed Employment
Compared to Police From the Same Cities: 1945-1989

< 10 Years

Cause of Death Deaths IDR 95% CI

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea. Bronchus. & Lung

Prostate

Skin

Brain and Nervous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Disease

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular Disease

Arteries, Veins & pulmonary Circulation

Respiratory  Disease

Emphysema

COPD & Miscellaneous Lung Diseases

125 0.94 0.8-1.2

34 1.01 0.7-15

4 4.31 1.3-15
1 1.21 0.1-12

0 0.00 -------

11 1.05 0.6-2.0

3 2.36 0.6-9.1

1 0.41 0.1-9.2

3 1.29 0.3-5.7

4 0.66 0.2-2.5

1 1.17 0.1-39

2 0.59 0.1-3.0

0  0 . 0 0  - - - - - -

41 1.03 0.7-1.5

33 1.02 0.7-1.5

9 0.88 0.4-1.9

5 0.79 0.3-2.1

4 1.13 0.3-3.7

3 0.64 0.2-2.2

1 2.46 0.2-30

1 0.36 0.1-3.0

10-19 Years

Deaths IDR 95% CI

179 1.06 0.9-1.3

46 1.22 0.9-1.7

2 1.34 0.3-6.3

0  0 . 0 0  - - - - - - -

0 0.00 ------

13 1.17 0.6-2.2

2 1.19 0.3-5.6

2 1.20 0.2-6.3

7 250 0.9-6.7

7 1.15 0.5-2.9

1 0.54 0.0-5.1

2 0.49 0.1-3.2

3 2.98 0.8-12

65 1.06 0.8-1.4

50 1.00 0.7-1.5

11 0.60 0.3-1.1

6 0.51 0.2-1.2

4 0.72 0.3-1.9

8 1.40 0.6-3.1

3 3.34 0.9-13

2 0.68 0.2-3.0

20-29 Years

Deaths IDR 95% CI

527 0.78 0.7-0.9

142 0.89 0.7-1.1

9 1.14 0.5-2.9

5 0.98 0.3-3.3

3 0.52 0.1-2.9

56 1.01 0.7-1.5

14 1.26 0.6-2.9

3 2.64 0.3-23

4 0.70 0.2-3.3

14 0.75 0.4-1.5

3 0.74 0.2-2.6

4 0.40 0.1-1.2
6 1.25 0.4-4.4

206 0.76 0.6-0.9

183 0.80 0.7-1.0

52 0.53 0.4-0.8

35 0.51 0.3-0.8

15 0.57 0.3-1.2

48 1.22 0.8-2.0

12 1.59 0.6-4.6

20 1.00 05-2.0

30+ Years

Deaths IDR 95%  CI

334 0.88 0.8-1.0

68 0.86 0.6-1.2

9 1.69 0.7-4.2

1 0.19 0.1-3.7

3 1.90 0.5-6.9

13 0.57 0.3-1.1

11 157 0.7-3.7

0  0 . 0 0  - - - - - -
3 2.81 1.0-7.8

12 1.14 0.5-2.6

2 0.44 0.1-2.2

7 1.80 0.6-5.4

3 1.13 0.2-8.3

149 0.89 0.7-1.1
128 0.90 0.7-1.2

59 0.99 0.7-1.5

33 0.82 0.5-1.3

25 1.47 0.8-2.9

22 1.07 0.6-2.1

4 0.69 0.2-3.0

9 1.06 0.5-2.5



Table 6. Northwest U.S. Firefighter Mortality by Years Since First Employment 1945-1989

Cause of Death

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus, & Lung

Prostate

Skin

Brain and Nervous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Hodgkin’s Disease

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Disease

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular  Disease

Arteries, Veins & Pulmonary Circulation

Respiratory Disease

Emphysema

COPD & Miscellaneous Lung Diseases

< 20 Years 20-29 Years

Deaths SMR 95% CI Deaths SMR 95% CI

106 0.56 05-0.6

24 0.91 0.5-1.4

1 0.51 0.1-2.9

0 0.00 0.0-5.6

0 0.00 0.0-10

1 0.17 0.1-0.9

0 0.00 0.0-2

2 1.41 0.2-5.1
5 2.36 0.8-5.5

8 1.57 0.7-3.1

2 2.05 0.3-7.4

2 1.53 0.2-5.5

3 1.44 0.34.2

1 1.41 0.1-7.9

24 0.51 0.3-0.8

20 0.54 0.3-0.8

3 0.37 .0.1-1.1

2 0.36 0.1-1.3

1 0.48 0.1-2.7

3 0.50 0.1-1.5

0 0.00 0.0-7.2

1 0.73 0.1-4.1

169 0.64 0.6-0.7

45 0.80 0.5-1.1

3 0.66 0.1-1.9

2 1.23 0.2-4.4

0 0.00 0.04.0

25 1.26 0.8-1.0

0 0.00 0.0-3.0

1 0.71 0.14.0

1 0.43 0.1-2.4

2 0.39 0.1-1.4

0 0.00 0.0-3.3

1 1.63 0.1-9.1

1 0.50 0.1-2.8

0 0.00 0.0-2.6

69 0.63 0.5-0.8

61 0.66 0.5-0.8

10 0.59 0.3-1.1

4 0.34 0.1-0.9

4 0.89 0.2-2.3

8 0.72 0.3-1.4

0 0.00 0.0-1.8

3 0.95 0.2-2.8

30+ Years

Deaths SMR 95% CI

895 0.90 0.9-1.0

222 0.99 0.9-1.1

20 0.91 0.6-1.4

6 0.97 0.4-2.1

6 1.59 0.6-3.5

67 0.90 0.7-1.2

30 1.42 1.0-2.0

3 0.88 0.2-2.6

11 2.53 1.3-45

27 1.48 1.0-2.2

5 1.74 0.6-4.1

0 0.00 0.0-3.8

11 1.40 0.7-2.5

11 1.69 0.8-3.0

369 0.86 0.8-1.0

314 0.89 0.8-1.0

118 1.05 0.9-1.3

73 0.96 0.8-1.2

43 1.33 1.0-1.8

71 0.95 0.7-1.2

20 1.39 0.9-2.2

29 1.02 0.7-1.5

Table 7. Seattle, Portland, and Tacoma Firefighter Mortality by Years Since First Employment
Compared to Police From the Same Cities: 1945-1989

<20 Years

Cause of Death

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus & Lung

Prostate

Skin

Brain and Nervous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Disease

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular  Disease

Arteries, Veins & Pulmonary Circulation

Respiratory  Disease

Emphysema

COPD & Miscellaneous Lung Diseases

Deaths IDR 95% CI

103 0.86 0.7-1.1
24 1.12 0.6-2.0

1 2.00 0.1-115

0 0.00 -------

0 0.00 -------

1 0.27 0.1-2.4

0 0.00 ------

2 0.62 0.1-4.6

5 1.10 0.34.3

8 1.81 0.6-5.4

2 1.59 0.2-14

3 0.96 0.2-4.8

1 3.85 0.343

22 0.71 0.4-1.3

18 0.77 0.4-1.4

3 0.35 0.1-1.5

2 0.42 0.1-3.2
1 0.27 0.1-2.3

3 3.24 0.4-24

0 0.00 -----

1 7.940.1->99

20-29 Years

Deaths IDR 95% CI

168 0.85 0.7-1.0

45 1.08 0.7-1.6

3 3.58 0.7-2.5

2 3.12 0.3-35

0 0.00 -----

25 1.55 0.9-2.8

0 0.00 - - - - -

1 0.88 0.1-9.1

1 0.39 0.1-4.3

2 0.35 0.1-1.4

0 0.00 -------

1 0.33 0.1-1.8

0 0.00 -------

69 0.87 0.6-1.2

61 0.96 0.7-1.4

10 0.36 0.2-0.8

4 0.16 0.1-0.5

4 0.83 0.2-2.8

7 1.25 0.5-3.3

0 0.00 --------

2 0.32 0.1-2.0

30+ Years

Deaths IDR 95% CI

895 0.88 0.8-1.0
222 0.92 0.7-1.2

20 1.52 0.7-3.3

5 0.48 0.1-1.8

6 1.02 0.3-3.8

67 0.85 0.6-1.3

30 1.58 0.8-3.2

3 12.10.6->99

11 3.04 1.0-9.6

27 1.04 0.6-1.9

5 0.77 0.2-2.5

11 0.89 0.3-2.3

11 1.60 0.5-5.0

370 0.89 0.8-1.1

315 0.88 0.7-1.1

118 0.79 0.6-1.1

73 0.72 0.5-1.1

43 0.99 0.6-1.8

71 1.08 0.7-1.7

20 1.48 0.6-3.9

29 0.99 0..5-2.0



Table 8. Northwest U.S. Firefighter Mortality by Age at Risk 1945-1989

Cause of Death

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus, & Lung

Prostate

Skin

Brain and Nervous  System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcoma

Hodgkin’s Disease

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Diseases

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular Disease

Arteries, Veins & Pulmonary Circulation

Respiratory Disease

Emphysema

COPD & Miscellaneous Lung Diseases

18-39 Years Old

Deaths SMR 95% CI

56 0.57 0.4-0.7

15 1.40 0.8-2.3

1 1.38 0.1-7.7

0 0.00 0.0-0.2

0 0.00 0.0-0.3

0 0.00 0.0-2.8

0 0.00 0.0-1.7

1 1.27 0.1-7.1

4 3.52 1.0-9.0

5 1.69 0.6-3.9

2 3.92 0.5-14

2 2.17 0.3-7.9

1 0.80 0.1-4.5

0 0.00 0.0-13

11 0.76 0.4-1.4

9 0.92 0.4-1.7

2 0.60 0.1-2.2

1 0.44 0.1-25

1 1.17 0.1-6.5

1 0.37 0.1-2.1

0 0.00 0.0-0.4

1 1.72 0.1-9.6

40-64 Years Old

Deaths SMR 95% CI

458 0.69 0.6-0.8

123 0.81 0.7-1.0

10 0.78 0.4-1.4

3 0.73 0.2-2.1

1 0.40 0.1-2.3

46 0.83 0.6-1.1

4 0.85 0.2-2.2

4 1.14 0.3-2.9

8 1.42 0.6-2.8

13 0.95 0.5-1.6

2 0.74 0.1-2.7

1 0.70 0.1-3.9

5 0.94 0.3-2.2

5 1.19 0.4-2.8

183 0.67 0.6-0.8

157 0.69 0.6-0.8

30 0.68 0.5-1.0

21 0.71 0.4-1.1

7 0.55 0.2-1.1

15 0.45 0.2-0.8

3 0.50 0.1-1.5

4 0.36 0.1-0.9

65+ Years Old

Deaths SMR 95% CI

656 0.97 0.9-1.1

153 1.07 0.9-1.3

1 3  0 . 8 6  0 5 - 1 5

5 1.22 0.4-2.8

5 2.02 0.7-4.7

47 1.09 0.8-1.5

26 1.46 1.0-2.1

1 052 0.1-2.9

5 2.47 0.8-5.8

19 1.61 1.0-2.5

3 1.72 0.4-5.0

0 0.00 0.0-7.0

9 1.67 0.8-3.2

7 1.67 0.7-3.5

269 0.90 0.8-1.0

230 0.94 0.8-1.1

99 1.10 0.9-1.3

57 0.92 0.7-1.2

40 1.57 1.1-2.1

67 1.16 0.9-1.5

17 1.57 0.9-2.5

28 1.31 0.9-1.9

Table 9. Seattle, Portland, and Tacoma Firefighter Mortality by Age at Risk
Compared to Police From the Same Cities: 1945-1989

Cause of Death

All Causes

All Cancers

Intestine

Rectum

Biliary Passages & Liver

Trachea, Bronchus, & Lung

Prostate

Skin

Brain and Nervous System

Lymphatic & Haematopoietic Cancers

Lymphosarcoma & Reticulosarcorna

Leukemia & Aleukemia

Other Lymphatic & Hematopoietic

Heart Diseases

Ischemic Heart Disease

Other Circulatory Disease

Cerebrovascular Disease

Arteries, Veins & Pulmonary Circulation

Respiratory Disease

Emphysema

COPD & Miscellaneous Lung Diseases

18-39 Years Old

Deaths IDR 95% CI

55 0.87 0.6-1.3

15 1.51 0.7-3.5

1  I n f .  - - - - - - -

0 --- - - - - - -

0 - - - - - - - - -

0  0 . 0 0 -------

0 - - - -------

1 0.74 0.1-19

4 1.25 0.3-5.7

5 3.24 0.6-19

2 Inf. -------

1 0.60 0.1-6.7

0 - - - -------

11 1.32 0.5-3.8

9 1.27 0.4-4.0

2 Inf. - - - - - - -

1 Inf. - - - - - - -

1 Inf. - - - - - - -

1 Inf. - - - - - - -

0 --- -------

1 Inf. -------

40-64 Years Old

Deaths IDR 95% CI

455 0.80 0.7-0.9

123 0.90 0.7-1.2

10 1.71 0.5-5.5

3 1.97 0.2-18

1 0.25 0.1-1.9

46 0.91 0.6-1.4

4 0.55 0.1-2.4

4 1.05 0.2-5.6

8 1.53 0.5-4.9

13 0.59 0.3-1.2

2 0.60 0.1-4.9

5 0.40 0.1-1.1

5 0.89 0.2-3.5

181 0.78 0.6-1.0

155 0.83 0.7-1.1

30 0.41 0.3-0.7

21 0.41 0.2-0.7

7 0.40 0.2-1.0

13 0.69 0.3-1.6

3  1 5 9  0 . 2 - 1 6

3 0.25 0.1-1.1

65+ Years Old

Deaths IDR 95% CI

656 0.94 0.8-1.1

153 0.99 0.7-1.3

13 1.32 0.5-3.8

4 0.43 0.1-1.8

5 1.77 0.2-1.3

47 1.03 0.6-1.8

26 1.88 0.8-4.2

1  In f .  -------
5 2.33 0.3-2.1

19 1.62 0.7-1.3

3 0.51 0.2-1.8

9 3.52 0.7-1.7

7 2.89 0.5-1.8

269 0.92 0.7-1.1

230 0.90 0.7-1.1

99 0.94 0.7-1.4

57 0.82 05-1.3

40 1.25 0.7-2.4

67 1.27 0.8-2.2

1 7  1 . 4 2  0 5 4 2

28 1.16 0.6-25



Discussion

As anticipated, many of the results of this study are consistent with the “healthy

worker effect.” The risks of dying from non-malignant diseases of the heart, respiratory

system, digestive system, nervous system, and diabetes were all less than expected

compared to U.S. white male rates and the risk for most non-malignant diseases appears to

generally increase with years since first employment and age. Firefighters were also at less

risk of cardiovascular disease than police. One exception was deaths due to diseases of the

arteries, veins and pulmonary circulation which was elevated among firefighters with at

least 30 years of exposed employment relative to both U.S. white males rates and police.

In analyses of this cohort performed with follow-up through 1983 we found an excess

of non-malignant respiratory disease relative to police (IDR = 1.59) as opposed to a deficit

when compared to U.S. rates (SMR = 0.88)(48). Based on those results we concluded that

an excess may have been obscured in other studies because of the use of general

population rates. One dollar study which compared lung disease deaths in firefighters to

police officers found a similar result (7). Although this disparity was also found in the

current analysis, the magnitude was greatly reduced. This may be in part be accounted for

by the increasing availability and use of respiratory protection since the 1970's. In addition.

the risk of death due to non-malignant respiratory disease among police was higher in the

current (SMR = 0.64) than in the earlier analysis (SMR = 0.48).

This study did find an elevated risk of emphysema, one form of non-malignant lung

disease, among firefighters relative to both U.S. white males and police. All of these

deaths occurred among individuals at least 30 years after first employment but was highest

among those with 10 to 29 years of exposed employment. If a relationship does exist

between exposure to smoke and emphysema, the fact that the risk was reduced among

firefighters with 30 or more years of exposed employment might be due to those most

susceptible to disease being forced to leave employment early due to disability. Attempts

to draw conclusions should be tempered by the fact that the specificity of death certificates
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is low with regards to differentiating between different types of obstructive lung diseases

and the risks observed for COPD although similar were of lesser magnitude.

Perhaps the strongest finding of this study is that of an excess of brain cancer among

firefighters with 30 or more years since first employment employment to both U.S. white males

and police. Other studies have also observed an excess of this malignancy (3-5,12,15,17).

The etiology of brain cancer is not well understood but workers exposed to vinyl chloride,

acrylonitrile, and polycyclic aromatic hydrocarbons have been noted to be at higher risk

(54). Although is difficult to quantify, it is likely that exposure to polycyclic aromatic

hydrocarbons at fires is common while exposure to vinyl chloride and acrylonitrile may

happen only under certain conditions. If the excess of brain cancer were due to exposures

that were not necessarily present at most fires, this might in part explain the lack of

association with simple duration  of exposed  employment.

This study also found an excess risk of lymphatic and hematopoietic cancers,

particularly of leukemia, among individuals employed for 30 or more years in fire combat

positions. This confirmed our earlier observation of an increased risk among Seattle

firefighters. Other studies have also observed an excess of lymphatic and hematopoietic

cancers of  various  histologies  (4,7,12,13, 16,17)  and an excess of these types of malignancies

is plausible given  the exposure to benzene seen exposure assessment assessment studies (20,21).

Although benzene exposure is likely short-term, measurements in excess of 100 ppm have

been taken (20,21). Our ability to draw conclusions is tempered by our observation of an

excess in police. At question in judging the validity of the firefighter excess is whether the

excess in police is due to factors held in common between the two occupational groups or

due to some exposure unique to police. It this point we have inadequate information to

answer this question, however, two other studies which have examined leukemia in

firefighters versus police found firefighters to be at higher risk.

This study did not find much evidence to support and excess of cancers of the colon,

rectum, skin. bladder, or lung in firefighters which have been observed in some other
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studies. The inconsistency with previous studies may be due to the small number of deaths

observed for some sites or to the different methods used and varying time periods

examined by previous studies. The excess of prostate cancer has not been observed in

other studies and the prostate is not generally regarded as a site for occupational cancer.

There are a number of limitations that should be borne in mind when interpreting

the results of this study. First, duration of fire combat employment, although an

improvement over total duration of employment, may still be an inadequate measure of

exposure, particularly for substances that may not be present at all fires. Exposure may

vary substantially between fires and different areas around the same fire due to not only

the composition of the material being burned but also the temperature of the fire and

availability of oxygen (20,22). Thus, the lack of association seen between duration or fire

combat employment and various outcomes in this study may in part be due to the use of a

poor surrogate for exposure.

Two other studies of firefighters have used police as a reference population (7,16).

Police were chosen because they have similar socioeconomic status, health benefits, and

strict physical entry requirements, and are generally free from any major fire smoke

inhalation. In addition, two studies of smoking habits by occupation show that police and

fire fighters are relatively similar (55,56), although a somewhat greater percentage of fire

fighters reported having never smoked. However, this approach does suffer from a number

of limitations. Because of the small size of the reference population, the IDR’s lack

statistical stability and the confidence limits are correspondingly wide. In addition, police

have rarely been studied and their occupational exposures and risks for death due to

various causes have not been well characterized. An excess or deficit in police due to their

own unique exposures or characteristics which may cause their rates to diverge from an

appropriate standard could lead to spurious conclusions about firefighters. Potential police

exposures include carbon monoxide, polycyclic aromatic hydrocarbons, lead, solvents, and
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electromagnetic radiation. The magnitude and health effects of these exposures are not

known and their potential for introducing bias should be borne in mind.

Another limitation of this study is the lack of accuracy and specificity of cause of

death information on death certificates. In the case of heart and lung disease it may be

difficult to assign a specific cause of death without an autopsy. Cancer information on

death certificates suffers from a lack of detail and only rarely includes anatomical sub-site

or histologic information. Specific histologic information would be particularly informative

for the brain cancers and leukemias observed in this study. While some exposures might

increase the risk of neoplasms of multiple histologies or multiple types of lung or heart

diseases, this should not be assumed. To the extent that a cause of death category contains

a wide range of etiologically unrelated diseases, the relationship between the exposure and

any one specific disease will be obscured.

In conclusion, this study found an excess of brain cancer and leukemia among city

firefighters from the Northwest United States. Our results also suggest that firefighters

may be at excess risk of emphysema and diseases of the arteries, veins and pulmonary

circulation. These areas deserve further exploration. We are currently examining the

incidence of cancer in this population using a regional tumor registry and further analyses

of cardiovascular and respiratory diseases are planned using poisson regression.

16



References

1.

2 .

3 .

4 .

5.

6.

7.

8 .

9 .

10.

11.

12.

13.

14.

15.

16.

Mastromatteo, E. Mortality in city firemen II. A study of mortality in firemen of a
city fire department. AMA Arch Ind Health 20:55-61, 1959.

Musk, AW, Monson RR, Peters JM, Peters RK. Mortality among Boston firefighters
1915- 1975. Br J Ind Med 35: 104-8, 1978.

Lewis SS, Bierman HR, Faith MR. Cancer mortality among Los Angeles city
firefighters. Institute for Cancer and Blood Research, Report presented to Los
Angeles Fire Dept. (Unpublished Manuscript), 1983.

Eliopulos E, Armstrong BK, Spickett JT, Heyworth F. Mortality of fire fighters in
Western Australia. Br J Ind Med 41:183-187, 1984.

Vena JE and Fiedler RC. Mortality in a municipal workers cohort: IV. fire fighters.
Am J Indust Med 11:671-84, 1987.

Beaumont JJ, Chu GST, Jones JR, et al. An epidemiologic study of mortality from
cancer and other causes in San Francisco firefighters. Am J Indust Med 19:37-372,
1991.

Feuer E, Rosenman K. Mortality in police and firefighters in New Jersey. Am J Ind
Med 9:517-527, 1986.

Friedman-Jimenez G, Oliver LC, Brandt-Rauf P. Proportionate mortality study of
Boston firefighters local 718. (personal communication), 1989.

Hansen ES. A cohort study on the mortality of firefighters. Br J Indust Med
47:805-809, 1990.

Berg JW, Howsell MA. Occupation and bowel cancer. J Toxicol Environ Health
1:75-89, 1975.

Guralnick. Mortality by occupation and cause of death. U.S. National Vital Statistics
Special Reports, 53(3), 1963.

Milham S. Occupational mortality in Washington state 1950-79. NIOSH Division of
Surveillance, Hazard Evaluations and Field Studies, Cincinnati, Ohio, 1983.

Petersen CR, Milham S. Occupational mortality in the state of California 1959-
1961. NIOSH Division of Surveillance, Hazard Evaluations and Field Studies,
Cincinnati, Ohio, 1980.

California Department of Health Services. California occupational mortality 1970-
1981. Health Demographics Section, California Department of Health Services,
1987.

Walrath J, Rogot E, Murray J, Blair A. Mortality patterns among U.S. veterans by
occupation and smoking status. NIH Publication No. 85-2756, 1985

Sama SR, Martin TR, Davis LK, Kriebel D. Cancer Incidence among
Massachusetts Firefighters, 1982-1986. Am J Indust Med 18:47-54, 1990.

17



17.

18.

1 9 .

2 0 .

2 1 .

22.

2 3 .

24.

Gold A, Burgess WA, Cloughertv EV. Exposure of firefighters to toxic air 
contaminants. Am Indust Hyg Assoc J. 39:534-539, 1978.

25.

26.

27.

28.

29.

30.

31.

Gallagher RP, Threlfall WJ, Band PR, Spinelli JJ. Occupational Mortality in British
Columbia 1950-1984. Cancer Control Agency of British Columbia. Vancouver,
1989.

Atlas EL, Kirby CD, Giam CS, McFarland AR. Chemical and biological
characterization of emissions from a fireperson training facility. Am Ind Hyg Assoc
J 46:532-540, 1985.

Bendix S. Firefighter exposure to enviromenta1 carcinogens. J Combustion Tox
6:127-135, 1979.

Brandt-Rauf PW, Fallon LF, Tarantini T, lderna C, Andrews L. Health hazards of
fire fighters: exposure assessment. Br J Ind Med 45:606-612, 1988.

Treitman RD, Burgess WA, Gold A. Air contaminants encountered by firefighters.
Am Ind Hyg Assoc J 41:796-802, 1980.

Bumb RR, Crummett WB, Cutie SS, et al. Trace chemistries of fire: a source of
chlorinated dioxins. Science 210:385-390, 1980.

Wallace D, Nelson N, Gates T. Polyvinyl chloride wire insulation decomposition II.
Considerations for long term health effects from chlorinated hydrocarbons. J
Combustion Tox 9:105-112. 1982.

Zitting A. Falck K, Skytta E. Mutagenicity of aerosols from the oxidative thermal
decomposition of rigid polyurethane foam. Int Arch Occup Environ Health 47:47-
52, 1980.

Hartzell GE, Packham SC, Switzer WG. Toxic products from fires. Am Indust Hyg
Assoc J 44:248-255, 1983.

Markowitz JS. Self-reported short and long-term respiratory effects among PVC-
exposed firefighters. Arch Environ I Health 44:30-33. 1989.

Froines JR, Hinds WC, Duffy RM, Lafuente EJ, Lui WCV. Exposure of firefighters
to diesel emissions in fire stations. Am Ind Hyg Assoc J 48:202-207, 1987, .

Perez-Querra F. Walsh RE, Sagel SS. Bronchiolitis obliterans and tracheal stenosis:
Late complications of inhalation burn. JAMA218:1568-1570, 1971

Kirkpatrick M, Bass J. Severe obstructive lung disease after smoke inhalation.
Chest 76: 108-110, 1979.

Loke J, Farmer W, Matthay R, Putman C, Smith G. Acute and chronic effects of
firefighting on pulmonary function. Chest 77:369-373, 1980.

Whitener DR, Whitener LM, Robertson KJ et al Pulmonary function
measurements of patients with thermal injuries and smoke inhalation. Am Rev
Respir Dis 122:731-739, 1980.

18



33.

34.

35.

36.

37.

38.

39.

4 0 .

41.

42.

43.

44.

45.

46.

47.

48.

49.

Peters JM, Theriault GP, Fine LJ, Wegman DH. Chronic effects of firefighting on
pulmonary function. New Engl J Med 291:1320-1322, 1974.

Musk AW, Smith TJ, Peters JM, McLaughlin E. Pulmonary function in firefighters:
acute changes in ventilator-y capacity and their correlates. Br J Indust Med 36:29-34,
1979.

Unger K, Snow R, Mestas J, Mille W. Smoke inhalation in firemen. Thorax 35:838-
842, 1980.

Sparrow D, Bosse R, Rosner B, Weils S. The effects of occupational exposure on
pulmonary function - a longitudinal evaluation of firefighters and non-firefighters.
Am Rev Respir Dis 123:319-322, 1982.

Musk AW, Peters JM, Wegman DH. Lung function in firefighters I: a three year
follow-up of active subjects. Am J Public Health 67:626-629, 1977.

Musk AW, Peters JM, Wegman DH. Lung function in firefighters II: a five year
follow-up of retirees. Am J Public Health 67:630-633, 1977.

Musk AW, Peters JM, Berstein L, Rubin C, Monroe CB. Pulmonary function in
firefighters III: a six year follow-up in the Boston Fire Department. Am J Indust
Med 3:369-373, 1982.

Thomas WC, O’Flaherty EJ. The cardiotoxicity of carbon monoxide as a
component of polymer pyroltsis smokes, Toxicol Appl Pharmacol 63:363-372, 1982

Radford EP, Levine MS. Occupational exposure to carbon monoxide in Baltimore
firefighters. J Occup Med 18:628-634, 1976.

Goldsmith JR, Aronow WS. Carbon monoxide and coronary heart disease: A
review. Environ Res 10:236-248, 1975.

Monson RR. Observationas on the healthy worker effect. J Occup Med 28:425-433,
1986.

Fox AJ, Collier PF. Low mortality rates in industrial cohort studies due to selection
for work and survival in the industry. Br J Prev Soc Med 30:225-230, 1976.

Gilbert ES. Some confounding factors in the study of mortality and occupational
exposures. Am J Epid 116: 177-188, 1982.

McMichael AJ. Standardized mortality ratios and the “healthy worker effect”:
scratching beneath the surface. J Occup Med 18:165-168, 1976.

Robins J. A graphical approach to the identification and estimation of causal
parameters in mortality studies with sustained exposure periods. J Chron Dis
40:Supp12 139-161. 1987.

Rosenstock L, Demers P, Heyer NJ, Barnhart S. Respiratory Mortality Among
Firefighters. Br J Indust Med 47:462-5, 1990.

Heyer N, Weiss N, Demers P, Breslow N, Rosenstock L. Cohort Mortality Study of
Seattle Firefighters: 1945-1983. Am J Indust Med 17:493-504, 1990.

19



50. National Center for Health Statistics. The national death index users manual.
DHHS (PHS) Publication No. 81-1148. Hyattsville, Maryland, 1981.

51. Marsh GM, Preininger M. OCMAP: a user-oriented occupational mortality analysis
program. Am Stat 34:245, 1980.

52. Steenland K, Beaumont JJ, Spaeth S, et al. New developments in the life table
analysis system of the national institute for occupational safety and health. J Occ
Med 32:1091-1098, 1990.

53. Kleinbaum DG, Kupper LL, Morgenstern H. Epidemiologic research: principles
and quantative methods. Von Nostrand Reinhold, New York 1982.

54. Thomas TL, Waxweiler RJ. Brain tumors and occupational risk factors: a review.
Scand J Work Environ Health 12:1-15, 1986.

55. Brackbill B, Frazier T Shilling S. Smoking characteristics of U.S. workers 1978-80.
Am J Ind Med 13:5-42, 1988.

56. Stellman SD. Boffetta P, Garfinkel L. Smoking habits of 800,000 American men in
relation to their occupation. Am J Ind Med 13:43-58, 1988.

20

*U.S. GOVERNMENT PRINTING OFFICE: 1991--526-678/40900


